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Sickle cell disease and malaria 
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Abstract Malaria is most common infectious disease 

spread by female Anopheles mosquitoes especially in 

tropical and subtropical areas of the world. It is reported by 

WHO as a 4th leading cause of death in children across the 

developing countries. Unfortunately no vaccine is currently 

available. Sickle cell trait (HbAS) patients provide some 

resistance for malaria over normal persons (HbAA) or their 

homozygous state (HbSS) due to various reasons. 

Keywords Falciparum malaria · Sickle cell trait · Sickle 

cell disease

Introduction

Malaria is one of the most common infectious diseases and 

an enormous public-health problem. It is a vector-borne dis-

ease spread by mosquitoes and widespread in tropical and 

subtropical regions. The most serious forms of the disease 

are caused by Plasmodium falciparum and Plasmodium 

vivax. It is a global problem and according to WHO report 

2005 [1], it is 4th leading cause of deaths in children in 

many developing countries. According to reports there are 

8,53,000 deaths due to malaria per year (8% of all deaths in 

this age group). According to the report:

•  Some 3.2 billion people lived in areas at risk of ma-

laria transmission in 107 countries and territories at 

the end of 2004. 

•  Between 350 and 500 million clinical episodes of 

malaria occur every year.

•  At least one million deaths occur every year due to 

malaria.

•  About 60% of the cases of malaria worldwide and 

more than 80% of the malaria deaths worldwide 

occur in Africa south of the Sahara. Plasmodium 

falciparum causes 18% deaths in children under 5 

years of age.

•  Malaria is also major cause of anemia in children and 

pregnant women.

•  Pattern of malaria transmission vary between region 

and even within the countries

India is also at high risk of malaria as 95% population of 

India live in malaria risk zone. Malaria transmission occurs 

almost in all areas of India except the parts which are 1800 

meter high above sea level. About 90% malaria is unstable 

in India with relative low incidence with a risk of increase of 
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epidemic for every 7 to 10 or more years, this depends upon 

the immune status of population and breeding potential of 

mosquitoes. The incidence of malaria is maintained between 

2 and 2.5 million annually for the last 10 years despite the 

increasing population at a rate of 2.1% annually [1].

Malaria parasites are transmitted by female Anopheles 

mosquitoes. The parasites multiply within red blood cells, 

causing symptoms that include symptoms of anemia (light 

headedness, shortness of breath, tachycardia etc.), as well 

as other general symptoms such as fever, chills, nausea, fl u-

like illness, and in severe cases, coma and death. Malaria 

transmission can be reduced by preventing mosquito bites 

by using insecticide-treated bed nets and insect repellents or 

by mosquito control by spraying insecticides inside houses, 

drains, ponds and pits where waterlogged and mosquitoes 

lay their eggs.

Unfortunately, no vaccine is currently available for 

malaria. Instead preventative drugs must be taken con-

tinuously to reduce the risk of infection. These prophylactic

drug treatments are simply too expensive for most people 

living in endemic areas. Malaria infections are treated 

through the use of antimalarial drugs, such as chloroquine 

or pyrimethamine, although drug resistance is increasingly 

common.

Malaria defense and sickle cell

There is signifi cant evidence that sickle hemoglobin pro-

vides the changes in the hemoglobin molecule that im-

pairs malaria growth and development. It is seen that the 

geographical distribution of sickle hemoglobin gene and 

distribution of malaria in Africa virtually overlap.  It is 

also seen that peoples indigenous to the highland regions 

of the continent do not display the high expression of the 

sickle hemoglobin gene like their lowland neighbors in 

the malaria belts. Malaria does not occur in the cooler and 

drier climates of the highlands in the tropical and subtropi-

cal regions of the world. Neither does the gene for sickle 

hemoglobin.

Ringelhann et al reported that sickle trait (HbAS) pro-

vides a survival advantage over people with normal hemo-

globin (HbAA) as well as people with sickle cell disease 

(HbSS) in regions where malaria is endemic. Sickle cell 

trait provides neither absolute protection nor invulnerabil-

ity to the disease. Rather, people (and particularly children) 

infected with P. falciparum are more likely to survive the 

acute illness if they have sickle cell trait. Therefore, the 

people with sickle cell trait are more likely to reach repro-

ductive age and pass their genes on to the next generation 

[2]. Willcox et al also reported similar conclusion in their 

studies [3].

The genetic selective scenario in which a heterozygote 

for two alleles of a gene has an advantage over either of 

the homozygous states is called “balanced polymorphism”. 

Malaria has been invoked, as a force for the selection of 

human genetic polymorphisms. There is enough evidence 

that genome-shaping interactions are found in the geo-

graphic and ethnic distributions between malaria and of the 

hemoglobinopathies, blood group antigens, thalassemias, 

red cell membrane molecules, human lymphocyte antigen 

(HLA) classes, and cytokines [4]. In another study genetic 

polymorphism was studied between TNF alpha promoter 

gene and sickle cell trait and it was found that there were no 

differences in malariametric indices between infants with 

the normal TNF alpha promoter gene and those who were 

heterozygous for this trait. Infants who were heterozygous 

for the TNF alpha promoter gene had fewer febrile episodes 

when they were free of parasites. Whereas on the other 

hand, infants homozygous for the TNF alpha promoter al-

lele had a much higher incidence of fever, irrespective of 

parasitaemia. Similar conclusion was also noted in infant 

with sickle cell trait as they have low parasite density than 

that of homozygous sickle cell disease [5]. It is a common 

misstatement that malaria selects for sickle cell disease, is 

not true. A person with sickle cell disease is at an extreme 

survival disadvantage because of the negative effects of the 

disease process. This means that a negative selection exists 

for sickle cell disease. Sickle cell trait is the genetic condi-

tion selected for in regions of endemic malaria.

The mechanism by which sickle cell trait imparts resis-

tance to malaria is unknown. There are a number of factors 

which involve in this process and contribute and have vary-

ing degrees to the defense against malaria.

Red cells of patients of sickle cell trait, when infected 

with the P. falciparum parasite, deform, most probably 

because the parasite reduces the oxygen tension within the 

erythrocytes to very low levels as it carries out its metabo-

lism. Deformed sickle trait red cell when passes through 

splenic sinusoids sequestered out by the phagocytes [6]. 

Similar result was also obtained by Kodjo et al where in 

vitro experiment showed increased phagocytosis of ring 

parasitized RBCs in HbAS individual by mononuclear 

phogocytic system of spleen whereas trophozoite-parasit-

ized normal RBC and RBC in HbAS were phagocytosed 

at equal pace. They concluded that ring parasitized RBC 

in sickle cell trait patients was predominantly complement 

mediated and very similar to phagocytosis of senescent 

or damaged normal RBCs. It was also concluded that the 

phagocytosis of ring parasitized red cells by monocytes 

have advantages in various ways, fi rstly it reduces parasite 

growth and density, secondly phagocytosed ring parasitized 

red cells digest rapidly by monocytes and process is repeat-
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ed without loss of function whereas more mature form of 

parasite actively phagocytosed and severely affect the func-

tion of monocyte [7]. In another study in vitro experiment 

showed that sickle trait red cells infected with P falciparum 

malaria sickled much more readily than uninfected cells un-

der low oxygen tension [8]. Since sickle cells are removed 

from the circulation and destroyed in the reticuloendothelial 

system, it reduces the parasite burden in people with sickle 

trait. These people are more likely to survive acute malarial 

infections.

It was further highlighted in another study that malaria 

parasites could be killed directly in sickle red cells. When 

parasites cultured in sickle trait red cells and incubated at 

low oxygen tension, it died [9]. Ultra structural studies 

showed extensive vacuole formation in P. falciparum para-

sites in sickle trait red cells when incubated at low oxygen 

tension, suggest that there is some metabolic damage to the 

parasites [10]. 

Other investigations show that there is oxygen

radical formation in sickle trait erythrocytes and it retards 

growth and even kills the P. falciparum parasite. There is 

more production of super oxides (O2–) and hydrogen perox-

ide (H
2
O

2
) in sickle trait red cell than the normal erythrocyte 

[11].

There is formation of membrane associated hemin in 

homozygous hemoglobin S red cell which can oxidize 

membrane lipid and protein. However sickle trait red cell 

produce little hemin. But infected sickle trait red cells ow-

ing to formation of sickle polymer due to low oxygen ten-

sion and due to parasite metabolism produce enough hemin 

to damage the parasites [12, 13]. 

Immune system also plays an important role in attack of 

P falciparum. Maternal antibodies passed to fetus provide 

protection from malaria for fi rst few months of life.  There-

after toddler’s immune system provides protection. Many 

epidemiological studies conducted in endemic areas show 

that antibody titer of P falciparum are lower in children in 

sickle cell trait than in normal children. It is speculated low 

level of titer might refl ect a low parasite burden in children 

with sickle trait due to clearance of infected red cells. In 

contrast children suffering with sickle cell disease have 

high fatality rate when infected with P falciparum parasites 

[14, 15, 16].

References

1.  WHO malaria report (2005), roll back malaria WHO & 

UNICEF 

2.  Ringelhann B, Hathorn MK, Jilly P, Grant F, Parniczky G 

A (1976) new look at the protection of hemoglobin AS and 

AC genotypes against plasmodium falciparum infection: a 

census tract approach. Am J Hum Genet 28:270–279

3.  Willcox M, Bjorkman A, Brohult J, Pehrson PO, Rombo L, 

Bengtsson E (1983) A case-control study in northern Liberia 

of Plasmodium falciparum malaria in haemoglobin S and 

beta-thalassaemia traits. Ann Trop Med Parasitol 77(3):

239–246

4.  Evans A. G, Wellems T E (2002) Coevolutionary Genetics 

of Plasmodium Malaria Parasites and Their Human Hosts. 

Integrative and Comparative Biology 42(2):401–407

5.  Stirnadel HA, Stockle M, Felger I, Smith T, Tanner M, Beck 

HP (1999) Malaria infection and morbidity in infants in re-

lation to genetic polymorphisms in Tanzania. Trop Med Int 

Health 4(3):187–193

6.  Luzzatto L, Nwachuku-Jarrett ES, Reddy S. (1970) In-

creased sickling of parasitised erythrocytes as mechanism 

of resistance against malaria in the sickle-cell trait. Lancet, 

1(7642):319–321

7.  Kodjo A, Franco T, Antonio P, and Paolo A (2004) Enhanced 

phagocytosis of ring-parasitized mutant erythrocytes: a 

common mechanism that may explain protection against 

falciparum malaria in sickle trait and beta-thalassemia trait 

Blood 104 (10):3364–3371

8.  Roth Jr, EF, Friedman M, Ueda Y, Tellez I, Trager W Nagel 

RL (1978) Sickling rates of human AS red cells infected in 

vitro with Plasmodium falciparum malaria. Science 202: 

650–652

9.  Friedman MJ (1978) Erythrocytic mechanism of sickle 

cell resistance to malaria. Proc Natl Acad Sci USA 75: 

1994–1997

10.  Friedman MJ (1979) Ultrastructural damage to the malaria 

parasite in the sickled cell. J Protozool 26:195–199

11.  Anastasi J (1984) Hemoglobin S-mediated membrane oxi-

dant injury: protection from malaria and pathology in sickle 

cell disease. Med Hypotheses 14:311–320

12.  Rank BH, Carlsson J, Hebbel RP (1985) Abnormal redox 

status of membrane-protein thiols in sickle erythrocytes. J 

Clin Invest 75:1531–1537

13.  Orjih AU, Chevli R, Fitch CD (1985) Toxic heme in sickle 

cells: an explanation for death of malaria parasites. Am J 

Trop Med Hyg 34:223–227

14.  Cornille-Brogger R, Fleming AF, Kagan I, Matsushima T, 

Molineaux L (1979) Abnormal haemoglobins in the Sudan 

savanna of Nigeria. II. Immunological response to malaria 

in normals and subjects with sickle cell trait. Ann Trop Med 

Parasitol 73:173–183

15.  Fleming AF, Storey J, Molineaux L, Iroko EAm, Attai ED 

(1979) Abnormal haemoglobins in the Sudan savanna of 

Nigeria. I. Prevalence of haemoglobins and relationships be-

tween sickle cell trait, malaria and survival. Ann Trop Med 

Parasitol 73:161–172

16.  Fleming AF (1989) The presentation, management and pre-

vention of crisis in sickle cell disease in Africa. Blood Rev 

3:18–28



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


